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(57)Abstract 

PROBLEM TO BE SOLVED: To obtain a thin film that is suitable as a light emission element by adding Mg as well as Al 
simultaneously, when a p-type gallium nitride thin film is prepared on a substrate plate, as Mg is added to the thin film. 
SOLUTION: The high carrier concentration is defined as >1 x 1017 cm-3. The concentration of the Al to be added 
simultaneously is lowered <2 x 1020 cm-3. According to this method, Al comes in the Ga site and the instability of Mg is 
relieved and Mg comes in the Ga sites in high concentration according to the difference in ion radii, in other words Mg>Ga>AI, 
and thus the p-type gallium nitride thin film of high carrier concentration is formed. In an embodiment, sapphire is used as a 
substrate and the molecular beam epitaxy is used to form the thin film of gallium nitride. Gallium is fed from the effusion cell, 
while the nitrogen source activated with the high frequency discharge is used as nitrogen. The substrate temperature is kept at 
about 700° C and the thin film is formed by feeding Mg and Al from effusion cells, respectively. 
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